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i T AYERED P A CK AGTNG CUSH ION 

i This application clairris the benefit of U.S| Provisional Application No. " 
60/423,267 filed October 31, 2002, which is incorporated herdn in its entirety by reference. 

TtACKGROUND OF TH F. TNfVENliON 
The present invention relates to packaging cifehion inserts and methods of 

making them. 

A packaged product may be nested into the cavities of cushioning inserts, such 
as foam end caps, to help protect and stabilize the packaged product inside its shipping box. 
The cushioning insert is preferably designed in vie^v of the maximum shock, vibration, 
temperature, humidity, and load fluctuations to which the package system is expected to be 
exposed. A foam end cap may be made by cutting and fitting foam pieces together by hand, 
which leads to increased labor expenses. Alternatively, a foafn end caps may formed using a 
mold. However, a mold also adds to the expense of formins ihe end cap and limits the ease 
15 ofmodifying the end cap design. 

RTTMMARY Q P TWP. TNVENTrON 

, The present invention addresses one or more of the aforementioned problems., . 
A packaging cushion insert, useful for cushioning a packaged object, comprises a top sheet, a; 
bottom sheet; and a plurality of hxterlor sheets between the W and bottom sheets. The top 
sheet the bottom sheet, and the plurality of interior sheets are in stacked arrangement The ^ 
top sLeet is attached to a first sheet of the pluraUty of interior sheets. Tlxe bottom sheet is 
attached a second sheet of the plurality of interior sheets. Each of tiie pluraUty of intenor 
sheets is attadied to at least one other sheet of the plurality 6f interior sheets. The top sheet, 
bottom sheet, and pluraKty of interior sheets each comprise one or more materials selected - 
fiom an air-cellular cushioning material, cellular foam material, and crumpled paper material. 

: A method of making, a package cushioningf Insert useful for cushiomng an 
object comprising the followmg steps: 1) selecting the dim.«isions of a top sheet, a bottom 
sheet, and a plurality of interior sheets based on the shape>f flie object; 2) cutting the top 
sheet, bottom sheet, and pluraUty of interior sheets to the selected dimaisions; 3) placmg the 
top sheet, the bottom sheet, and the plurality of interior sh^ts in stacked arrangement with 
the plurality of interior sheets between liie top and bottom sheets; 4) attaching the top sheet to 
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a first sheet ofthe plurality of interior sheets; 5) attachiti;^ the bottom sheet to a second 
sheet ofthe pluraliiy of interior sheets; and 6) attaching eadh of the plurality of interior sheets 
to at least one other sheet of the plurality of interior sheets.; The top sheet, bottom sheet, and 
plurality of interior sheets comprise one or more materials selected from air-cellular 
5 cushioning material, cellular foam material, and crumpled paper matmal. 

These and other objects, advantages, and features of the invention will be 
more readily understood and appreciated by reference to tiie detailed description of the 

invention and the drawings. 'i' 

. i ■ '\ 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a sheet material usefiil in forming the packaging 
insert of the present invention. ^ 

Fig. 2 is an perspective view of a packaging cushion insert of the present 

invention. j 

15 Fig. 3 is a perspective view of two of tihie packaging inserts of Fig. 2 installed 

> 

on a an object to be packaged. • , ' 

* Fig, 4 is a flowchart describing steps useful in a process of making flie cushion 

insert of the present invention. 

Fig. 5 is a representative perspective vi&\^ of an object packaged with a 

' ■ . E- 
20 cushioning insert of the present invention. 

Fig. 6 is a representative perspective view of a machine useful in making the 

packaging insert of the present inveiition. 

Fig. 7 is an enlarged view of a portion of Fig,^ 6. 

} Fig. 8 is representative perspective view of the packaging cushion insert of the 

25 present invention in a box. \ 

DETAILED DESCRIPTION OF THE INVENTION 
A packaging cushion insert 6 (Figs. 2-3) may, be formed using the machine 4Q 

(Figs. 6-7). I ^ 

30 The packaging cushion insert 6 comprises a top sheet 102, a bottom sheet 104, 

and a plurality of interior sheets 106^ such as first interior sheet 106 and second interior sheet 
108. (Fig. 2.) The sheets are in stacked or laminated arrangement. Top sheet 102 is attached 
to first interior sheet 106. Bottom sh[eet 104 is attached to second interior sheet 108. Each of 
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the plurality of interior sheets 9 is' attached to at least one other sheet of the plxuality of 
interior sheets. For example, other than first and second in^or sheets 106, 108, . each of the 
plurality of interior sheets is attachk to two other sheets hi the plurality of interior sheetsl 
The number of interior sheets may be at least any of the following: 2, 3, 4, 5, 8, 10, 15, 20, 
5 25, 30, 40, and 50; and may be at most any of the following; 45, 35, 30, 25, 20, 15, 12, 10, 8, 

4, and 2. •;. 

As illustrated in Fig. 2, top sheet 102, first interior sheet 104, and another of 
the plurality of interior sheets 9 each defines an aperture S to accommodate insertion of at 
least a portion (e.g., ends 14) of object 12 so that the insert 6 surrounds at least a portion of 
10 object 12, as illustrated in Figure 3. ; At least one of top sheet 102 or bottom sheet 104 may 
define an aperture, and at least one o'f the plurality of interior sheets 9 may define an aperture, 
for example, to accoinmodate insertion of a portion of the object to be packaged. The 
apertures of the sheets may be in aligned arrangement as illustrated in Fig. 2 to form cavity 

13 in the insert 6. ! 

15 In the embodiment iUustrated in Fig. 2, th6 sheets comprise an air-cellular 

cushioning material; however, each or any of the sheets ma| comprise one or more materials 
selected ft^om air-cellular cushioning material, cellular foim material, and crumpled paper 
(discussed below). Sheet 1 (Fig. 1) is a sheet of air-celMar-fnishioning material comprising a 
lamination of a top film 4 to a bottom film 5 to form air cells 2 and land areas 3. The reverse 

20 side (not Shown) of sheet 1 of Fig. I is relatively smooth if -^e air cells 2 protrude firom only 
one side of the sheet (this can be seen in Fig. 2). However; the air cells may protrude firom 
both sides of an air-cellular sheet. The air-cellular material may comprise films comprismg 
one or more thermoplastic polymers, such as polyethylene and nylon. Usefiil air-cellular, 
materials! are disclosed in U.S. Patents 4,314,865; 4,412,879; 4,417,936; 4,427,474; 
• 25 5, 1 1 6,444; and 5,665,456, each of which is incorporated herein in its entirety by reference. ! 

A sheet niay comprise cellular foam material, which may be a closed cell foam 
or an open cell foam. The term "closed cell" foam as lised herein means that the foam^ 
comprises an open cell content of 30 volume % or less, measured according to ASTM D2856-. 
94 (Procedure A). (For foam having a thickness of less th,an 0.984 inches, then the foam 

30 sample size shall be 0.984 inches by 0.984 mches by the* actual average thickness of th^ 
foam.) The term "open cell" foam as used herein means that the foam comprises an open cell 
content of greater than 30 volume :%, measured according to ASTM D2856 as set forth 
above. The foam material may have an average cell size of at least about any of the 
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following values: 0.01, 0.05, 0.1, 0.5, and 1 nun. The foanv may have an average cell size of 
at most about any of the following values: 10, 5, 3, 1, and O j'S nmi. The average cell size may 
be measured according to ASTM D3,576-98 (Procedure A). . 

The dfflisity of the foiam material may be at^least about any of the following: 
5 0.5, 1, 3, 5, 8, 10, 12, 15, 20, 25, 30, and 35 pounds per cubic foot (lb/fl3). The density of the 
foam may be at most about any of the following values: 40, :35, 30, 25, 20, and 15 lb/ft3. The 
density may be measured according to ASTM D3575-00, SufiBx W, Test Method A, which is 
incorporated herein in its entirety by if eference. 

A sheet may comprise crumpled paper, such as that described in any of U.S. 

10 Patents 2,882,802; 3,799,039; 4,750,896; 4,937,131; 5,203,761; 5,322,477; and 5,891,009, 
each of which is incorporated in its entirety by reference. ^ 

' The average tbicknes^ of a sheet material may be at least about any of the 
following: 1, 5, 10, 15, 20, 25, 30, 35. 40, 45, 50, 55, 60, 6^, 70, 75, 80, 85, 90, 95, and 100 
mils. Further, the average thickness of a sheet may be at=least about any of the following: 

15 0.2, 0.25, 0.3, 0.35, 0.4, 0.5, 0.75, and 1 inches. The average thickness of a sheet may be at 
most abobt any of the following values: 200, 195, 190, 185, 180, 175, 170, 165, 160, 155, 
150, 145, 140, 135, 130, 125, 120, 1-15, 110. 105, 100, 95, H 85, 80, 75, 70, 65, 60, 55, 50; 
45, 40, 35, 30, and 25 mils. Further^ the average thickness^of a sheet may be at most about 
any of the following values: 4 inches, 3.5 inches, 3 inches, 2.5 inches, 2 mches, and liS 

20 inches. The thickness of an air cellular sheet is measured from the top of the ak cells 2 to the 
reverse side of the sheet. The thickness of a crumpled p%)er sheet is measured while the 

! . ■ i •■ 

sheet is in the crumpled condition. 

A sheet preferably exhibits a flexural modulus sufficient to withstand the 
expected handling and use conditions. The flexural modulus of a sheet may be at most about 

25 any of the following values: 4,000; 3,000; 2,500; 2,000; 1^900; 1,800; 1,700; 1,500; 1,200; 
i,100; 1,000; 900; 800; 700; 600; and 500 psi. The flexuiral modulus of a sheet may be at 
least about any of the following values: 800; 900; 1,000; 1,100; 1,200; 1,700; 1,800; 1,900; 
2,000; 2,200; 2,500; and 3,000 psij |(pounds/square inch).'; The flexural modulus (i.e., the 
tangent modulus of elasticity in bending) may be measured in accordance with ASTM D790- 

30 00 (Procedure A or B, depending on the nature of the sheet, as set forth in the ASTM test); 
which is incorporated herem in its entirety by reference. Kthe sheet is so flexible that it is 
difficult to run the above ASTM test procedure to calculate '|iie flexural modulus (e.g., a sheet 
with a flexural modulus of less than about 1,000 psi), then, the ASTM test may be modified 
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by using a higher "Z" (i.e., rate of straining) and/or stackmg several samples of the she^t 

together (taping the sample ends together) to run the test. 

Each sheet may be directly attached to its ^adjacent sheet. A sheet may be 

adhesively attached or may be attached by one or more heaiseals. ^ - 

5 The shape of insert '6. may be formed from 'jthe sheets laminated at any angle 

relative to top surface 19. This allows maximized use of isotropic characteristics of a sheet. 

In the case of cushion insert 6 of Fig 2, sheet 102 lies at aY.O degree oflset in the x, y, and ± 

■■I' '. . ' 

directions relative to top surfiice 19. Cushioning insert 6 may comprise sheets of differing 

'materials. ; 

1 0 The adhesion of one sheet to the next is donk at the interface 1 0 area along the 

I f. 

planer surface 11. The adhering at interface 10 may be ^lade by adhesives, heat seals, or 
baechanical means, such as hook and loop. ' * 

Fig. 4 illustrates a process flow-chart 20 useful in designing and developing a 
packaging cushion insert of the present invention. The process by which the sheets are cut 

15 and then assembled may begin by using a three dimensional computer modeling system to 
create the forai of the cushion insert: Such modeling may also employ finite element analysis 
software and impact simulation software to determine the proper design of the package: 
Once modeled, the mathematical computer representation of the cushion insert may be 
sectioned to represent individual layers for cutting; such layers, potentially, being of different 

20 . thicknesses or different material. The full representation of these sections may be sent to a 
computer numerically controlled code generator that defin^^ the path for a cutting tool; such 
code varying depending on the nuniber of sheets to be sirtiultaneously cut. Such code may 
also create two separate tool paths for the interior and exteribr boundaries of each sheet of the 
insert. The code may also adjust for the use of an intermittent or continuous flow of sheet 

25 stock. ! ) 

In first step 21 of process 20, the dimensions and overaU features of an object 
to be packaged are provided to a designer; these include wei^t, overall dimensions, vibratioii 
constraints, and maximum allowable acceleration data-i/The International Safe Transit 
Association (ISTA) provides additi9nal guidelines for minimum compliance standards for 

30 shipped packages. A computer model of the product itself may be usefid to the designers.; 
Using this information, in the next step 22, the packag;e cushion may be designed in 
accordance with any exterior shipping container constraints using a three dimensional 
computer; aided design (CAD) program. v 
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The third step 23 of; process 20, a finite element analysis program is used to 
test the product, cushion, and extbrior container system; Such a program may model a 
dynamic situation, allowing for botti vibration and drop testing simulation. In addition, the 
isotropic properties of the sheet structure (as discussed earliCT in reference to Fig. 2) may be 
5 integrated into the program to allow designers to vary ^ orientation of the cushion Ip 
maximize the beneficial characteristics of the sheets in a particular x,y, or z direction. After 
using the software of step 23, the cushion insert design may be fiirther modified in step 24; 

this cycle 28 being repeated until a solution is found. >. 

■ ■ - • ' ■ ' *.[ . ■ 

Step 25 of process 20 involves using slicing! ;L;oftware to cut the model into the 

10 respective layers needed to create; a cushion insert. The model may be oriented in tlie 
program in such a manner that sectioning may be done in the same way intended during the 
design cycle 28. The software iiiay incorporate input data on sheet thickness and sheet 
material characteristics (e.g., expected compression factor expected for each sheet material). 
Fig. 5 illustrates the model 32 of a cushion insert that has b^en sectioned into layers 33. 

15 In step 26 of process 20 (Fig. 4), the size' pf the cutting bed on which thb 

layers are eventually cut may be taken into consideration in order to maximize efficient use 
of the material. While step 26 may generally be accomplished using stand-alone softwarp, 
software used in the prior step 25 rnky also incorporate this^item. 

In order to minimize the costs associated with the production system 

20 illustrated in Fig. 6, several parame!ters pertaining to the nesting step 26 may be held constant. 
Specifically, although rotating individual layers of a part^may be considered an important 
element of nesting (especially whenj creating non-rectangular layers), rotating may be avoided 
(or rotation always set at 0 degrees) as otherwise rotatiiig stacker units at 56, described 
hereafter in Figs. 6 and 7, would be required. In addition, the repetition of parts, in the 

25 direction perpendicular to the sheet feed dkection, may be held constant in the software for 
each particular cushion. This avoi<ls haying to manually move or install motorized movers 
for the cutting heads 46 described hereafter in Fig. 6. Regarding the sequence in which the 
parts are' cut, such a sequence preferably creates multiple layers of the same shape from a 
single sheet rather than multiple different layers of the same cushion. For example with 

30 respect to a cushion consisting of 30 layers, each 10 inched wide, being cut from a base sheet 
42" wide, rather than cutting layers; 1-4 across the sheets Qeaving 2" on the side), it may be 
preferahle to cut layer 1 four times.j ^ Subsequentiy, layer 2'- will be cut four times, and so ori; 
thus producing four paits at a time. ; ^ 
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' The outputs of step 21$ include tlie foUowingtitems: 1) the shape of the cutting 
path required to form both the exterior and the interior cutout portions of each layer; this 
shape incorporating noiultiple parts jif possible, 2) the nm&ber of cushions repeated in the 
direction perpendicular to the sheet; travel direction, 3) thef repeat length of the sheet in the 
5 direction along the sheet movement, j Vr 

Using the data output! of step six, a numerical^^code generation program may be; 
used for tiie final step 27 of process 20 in Fig. 4. This code lUay be used to create instructipns 
for the control of the servo motors atid other actuators used.for feeding, cutting, and stacking 
processes^ of machine 40 described in Figs. 6 and 7. Soft^vare packages available for this 
10 custom programming process are know to those of skill in the art. The final program output 
may be uploaded to machine 40 to allow for creation of the cushion inserts. ^ 
Fig. 6 discloses the rnain elements of a production machine 40 useful to make 
packaging cushion inserts of the present invention. The,> machine 40 used to create the. 
cushion inserts may employ a source of raw sheet stock, a controlled film advance section, a 
15 moveable or conveyor based cutting platform with adjustable cutters, a scrap separation 
station, an adhesive or heat application station, a movablje and conveyor based stacking 
station, a sheet removal, compression, and storage system and a staging area for packing 
items using the produced cushions, as illustrated in Figs. 6-7^as described below. 

The source of sheet stock may be in the forrn^of a pre-fabricated roll 41. The 
20 raw material may be produced at the same site of that at \yhich production of the cushion 
inserts is done, and therefore, the material may be directed^to the location of roll 41 in area 
80. The sheet material may be of a continuous structure as shown by roll 41, or it may be 
provided in individual portions being perforated periodiciilly, with the . roll unwinder 91 
feeding system disclosed herein at 80 being dianged accordiiigly. 
25 Area 42 is a tensioning system used to contr ol the force applied to the sheet 

material, prior to the sheet engaging! the feed nip roller 43.. The nip 43 advances the sheet 
onto the top surface 55 of conveyor 53, that then moves the correct repeat amount undCT 
cutting area number 1, designated as; .44. Conveyor 53 may. have a vacuum system attached, 
to it used to create a strong suction on surface 55 and 60 in Fag. 7, and is also compatible with, 
30 the cutting method used by the cutting heads 46. In the .case of using a waterjet cutting, 
system, such a conveyor belt would be made of a rectangular thin-walled metal honeycomb 
like structure, with an absorbing panel or blocking panel 62 po prevent the cutting fluid from 
penetrating to the opposite side 60 of belt 53. 
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In area 44 cutting heads 46 move alongj>rails 64 to create the cut lines 

representing the exterior perimeter 6f the inner cutouts of each layered section. Vacuum head 

;} . 
47 located on top of the sheet mat^al then removes the 0Ut mner areas. Vacuum head 47 

! i 

miay move in conjimction with the cutting heads 46 in area 44 or may rest in a fixed position 
5 between icuttihg areas 44 and 45. ^In addition, the vacuum pressure of 47 is adjusted to 
compensate for the vacuum pulling from the conveyor belt 53. Also, the vacuum fi"om 
conveyor belt 53 may be blocked just under the vacuimi liead 47 at 65 in Fig. 7 so that an 
increase in the pull-off pressure fironji 47 is generated. 

In the second cutting area 45, the exterior pej?meter of the shaped layers is cut. 
10 As in area 44, the number of cutting heads positioned to correspond the repetition of the parts 

i 

across the sheet (in the direction perpendicular to tiie sheet travel). As mentioned earlier, it is 
most economical to position these nianually. In some case:g; a single set of cutting heads can 
be used for both cutting areas 44 and 45 with the vacuum hekd 47 activating only in area 44. 

Separation of the scr^ material of roll 41 fi-otoL the sheets cut in area 45 occurs 
15 at area 63 in Fig. 7 as the waste rav^ stodc peels away and abends around roller 64 and enters 
nip 50 as I the layers continue along the bottom surface 60 oJf conveyor 53. Nip 50 can also be 
used to crush the scrap material tightly to remove air pockets, thus acting as a compactor. In 
the case where the scrap material is rolled, a tension system at 51 and a rewinder 90 forms 

: "I 

roll 52. in area 90, a large collection bin or a fan folding system may also be used; such 
20 collection systems designed to maximize the efficiency with which waste material may be 
collected for reuse or recycling. } 

The cut sheets on the bottom surface 60 of; conveyor 53 pass under a heat^ 
gluing, or adhering station 49 and then are pressed against the layers resting on surface 61 by 
the upward movement of the stacker imit 56. The stacker unit moves through automatic 
25 means along the conveyor path in order to adjust for the repeat length of the layers. The base 
surface 61 of stacker 56 may consist; of a conveyor belt that activates upon completion of the 
units and transports them to a collection area 100. At collection area 100 completed cushion 
inserts may be placed into collection bins or packed directly onto products to be shipped 
using automatic or manual means. } ^ \^ : 

30 Fig. 8 illustrates the cbrabination of a layered cushion insert 32, also shown in. 

Fig. 5, in combination with a shipping carton 70. Integration of unit 32 with other exterior 
shipping containers such as envelopes is possible and may bp done manually or automatically 
in area lOQ of Fig. 6. \- 
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Any niimerical values recited herein include. rJl values from the lower value to 
the upper value in increments of on? unit provided that theil*. is a separation of at least 2 units 
ibetween any lower value and any higher value. As an exan^jple, if it is stated that the amount 
of a component or a value of a procpss variable (e.g-, tempgrature, pressure, time) may range 
5 from any of 1 to 90, 20 to 80, or 36 to 70, or be any of atjleast 1, 20, or 30 and at most 90, 
80, or 70, then it is intended that values such as 15 to 85, 22 to 68, 43 to 51, and 30 to 32, as 
well as at least 15, at least 22, and at most 32, are expressly enumerated in this specification:. 

For values that are less than one, oiie unit is considered td be 0.0001, 0.001, 0.01 or 0.1 as 

■■ ■ ' ' • I - 

appropriate. These are only examples of what is specifically intended and all possib|fe 
10 combinations of numerical values between the lowest value- and the highest value enumerated 
are to be considered to be expressly stated in this application in a similar manner. 

The aboye descriptioias are those of preferred embodiments of the inventiop. 
Various alterations and changes can be made without departing from the spirit and broader 
aspects of the invention as defined ih the claims, which are to be interpreted in accordance 
15 wifli the principles of patent law, inpluding the doctrine of Equivalents. Except in the claini? 
jand the specific examples, or where otherwise expressly indicated, all numerical quantities in 
this description indicating amounts of material, reaction coiiditions, use conditions, molecul^ 
weights, and/or numbq: of carbon atoms, and the like, are to be understood as modified by 
the word "about" in describing the broadest scope of the- invention. Any reference to an 
20 item in the disclosxire or to an elemept in the claim in the siagular using the articles "a," "an," 
"the," or "said" is not to be construed as limiting the itemf)r element to the singular unless 
expressly so stated. All references tb ASTM tests are to thp most recent, currently approved^ 
and published version of the ASTM test identified, as of the priority filing date of this 
appUcatipn, Each such pubhshed ASTM test method is incorporated herein in its entirety by this 

25 reference. ji 
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